Gemini surfactants with two methylene spacers from ethylenediamine tetraacetic acid and alkyl bromides have been synthesized and characterized from spectral data. The results of conductivity measurement leads to the proposition of micellar aggregates.
Introduction
The hydrophile-lipophile balance (HLB) is an important characteristic of a molecule to behave as a surface active agent or surfactant. To illustrate, neither the teramethylammonium bromide nor the hexadecylammonium bromide behaves as a surfactant while hexadecyltrimethylamonium bromide behaves as a good surfactant capable of forming all types of aggregates i.e. micelle, reversed micelle, microemulsions etc. Substitution of one methyl group by another hexadecyl group increases the hydrophobicity thus perturbing the HLB and similarly, substituting another alkyl ammonium unit at the nitrogen function increases the hydrophilicity and thus does not behave as a god surfactant. However if two hexadecyltrimethyl ammonium ions are linked at the nitrogen centers by a small spacer, the molecule is called a gemini surfactant, the micellar properties change significantly. The behaviour of gemini surfactants in which two quaternary ammonium species (C 12 
) are linked at the head group by a hydrocarbon spacer ((CH 2 )n: n=2,3,4) in aqueous medium have been investigated in details [1] [2] [3] [4] [5] and the gemini surfactants are found to show significant changes in the surface activities from those of corresponding monomeric units. 6, 7 The critical micelle concentration values of these surfactants have been found to be 100 times less than the monomeric counterparts. 8 Different aggregated structures due to gemini surfactants have also been reported. 9 Some functionalized gemini surfactants behave as transfection vectors to introduce nucleic acid into eukaryotic cells. 10 Saily et al. have synthesised the cationic gemini surfactant (2S,3R)-2,3-dimethoxy-1,4-bis(N-hexadecyl-N,N-dimethylammonium) butane dibromide and have shown this to be an efficient transfection vehicle.
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Recently Rist et al 12 have synthesised a series of molecules (1) each with two hydrophobic chains and oxyethylene groups as spacers as well as a part of hydrophilic groups, the other part being onium ions. However, they have considered these molecules as gemini surfactants. The hydrophilic group in these molecules may be considered as a single hydrophilic group and thus these molecules should be brought under double-tailed surfactants, which contain a single hydrophilic unit and two hydrophobic groups.
Synthesis of double tailed bisquaternary salts from pyridinium moieties have been reported by Pernak and Rogoza wherein the hydrophobic tail contains 8-12 methylene groups. 13 However there is no mention on the solution behaviour of these compounds. In the present work attempts have been made to synthesize some gemini surfactants with functionalized hydrophilic group and an ethylene hydrophobic spacer. The surfactants have zwitterionic head groups and carboxylic groups as the hydrophilic unit.
Results and Discussion
Ethylene diamine tetraacetic acid (EDTA) is known to be an efficient metal ion trapper and is used as an analytical reagent for estimation of various divalent metal ions. The reagent is highly water-soluble and thus ineffective to be used in nonpolar or lipid systems. The reagent has been made amphiphilic by attaching hydrophobic units to the molecule. When an equivalent mixture of disodium salt of ethylene diamine tetraacetic acid (EDTA-Na 2 ) and alkyl bromide refluxed in acetonitrile in heterogeneous condition a single quaternised salt, nN2N (n stands for the number of carbon atom of the alkyl chain), 2, is obtained (Scheme-1).
The elemental analyses, IR and NMR spectral characteristics also support the structure of the compound to be the quaternised product due to a single EDTA-Na 2 and a single alkyl bromide. Further quaternization of monoquaternised products with corresponding alkyl bromides The water-soluble compounds (6N2N, 6N2N6, 8N2N and 16N2N) were subjected to conductivity analyses. The plots of conductivity values at 28 °C versus the concentration of the compounds are found to be bilinear. At low concentration, the conductivity is low and increases with increasing concentration of the solute. Beyond a certain concentration, the conductivity increases sharply. The break in the linearity (Table 1) has been ascribed to the formation of micelle. The amphiphiles in monomer state behave as zwitterions with charge neutralization. However, in aggregated form, the amphiphiles produce an induced ionic field in the stern layer and the aggregates behave as multi-ionic species. Thus with increase in surfactants concentration 
